The Morphylogy,Genetic Difference and Phylogenetic Analysis of Several Typical Nanoplanktonic Diatom Species in China Sea by 程金凤
厦门大学博士学位论文 
学校编码：10384                                  分类号      密级        
学号：B200426039                                             UDC          








The Morphylogy,Genetic Difference and Phylogenetic 
Analysis of Several Typical Nanoplanktonic Diatom Species 
in China Sea 
程金凤 
指导教师姓名：高亚辉 教授 
专 业  名 称：生态学 
论文提交日期：2007 年 7 月 20 日 
论文答辩时间：2007 年 8 月 23 日 
学位授予日期：2007 年 月    
 
答辩委员会主席：郑天凌  教授 
评    阅    人：       























                     声明人（签名）： 























  1、保密（  ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 



























 - 1 -
目  录 
中 文 摘 要 ..................................................................................................................i 
英 文 摘 要 ................................................................................................................iii 







1.4 海洋浮游植物遗传多样性分析所用的 nrDNA 序列.................13 
1.4.1 nrDNA 序列简介 ........................................13 
1.4.2 nrDNA 基因在分子鉴定及系统学研究中的优点..............14 
1.4.3 nrDNA 序列在海洋浮游植物分类中的应用 ..................14 
1.4.4 系统发育学相关的概念..................................16 
1.5 本论文的主要内容和研究意义.................................18 






2.2.2 主要培养基及溶液配制 ..................................20 
2.2.3 仪器..................................................21 
2.3 方法 .......................................................22 
2.3.1 实验藻种培养 ..........................................22 
2.3.2 形态学鉴定方法 ........................................22 














 - 2 -
2.3.4 DNA 浓度和纯度的检测 ..................................23 
2.3.5 LSU nrDNA 片段的 PCR 扩增、纯化........................23 
2.3.6 SSU nrDNA 片段的 PCR 扩增、纯化........................24 
2.3.7 感受态细胞的制备......................................25 
2.3.8 连接反应 ..............................................25 
2.3.9 转化与培养 ............................................26 
2.3.10 质粒 DNA 提取 .........................................26 
2.3.11 测序、数据处理及系统进化分析.........................26 
2.4 本实验的技术路线 ...........................................27 
第三章 四种骨条藻的形态、遗传差异及系统进化分析 .......................................28 
3.1 实验所用的藻株 .............................................28 
3.2 实验所用藻种的形态学描述 ...................................28 
3.3 四种骨条藻 SSU nrDNA 片段的扩增及序列分析...................33 
3.3.1 SSU nrDNA 目的基因片段 PCR 扩增 ........................33 
3.3.2 SSU nrDNA 序列碱基组成和替换特征 ......................34 
3.3.3 骨条藻 SSU nrDNA 基因序列差异 .........................36 
3.3.4 骨条藻 SSU nrDNA 遗传距离分析 .........................36 
3.3.5 骨条藻地理遗传多样性分析..............................38 
3.3.6 基于 SSU nrDNA 序列构建骨条藻系统发育树................41 
3.4 四种骨条藻 LSU nrDNA 片段的扩增及序列分析...................44 
3.4.1 LSU nrDNA 目的基因片段 PCR 扩增 ........................44 
3.4.2 LSU nrDNA 序列碱基组成和替换特征 .....................444 
3.4.3 骨条藻 LSU nrDNA 基因序列差异 .........................45 
3.4.4 骨条藻 LSU nrDNA 遗传距离分析..........................48 
3.4.5 骨条藻地理遗传多样性分析..............................48 
3.4.6 基于 LSU nrDNA 序列构建骨条藻系统发育树................48 
3.5 讨论与小结 .................................................51 
3.5.1 骨条藻两个序列片段特征比较............................54 















 - 3 -
3.5.3 骨条藻的地理遗传多样性分析............................55 
3.5.4 四种骨条藻物种之间的系统发育关系......................56 
第四章 八种海链藻的形态、遗传差异和系统发育 ...............................................58 
4.1 实验所用的藻株 .............................................58 
4.2 实验所用藻种的形态学描述 ...................................59 
4.3 八种海链藻 SSU nrDNA 片段的扩增及序列分析...................64 
4.3.1 SSU nrDNA 目的基因片段 PCR 扩增 ........................64 
4.3.2 SSU nrDNA 序列碱基组成和替换特征 ......................64 
4.3.3 八种海链藻种内和种间 SSU nrDNA 基因序列差异 ...........65 
4.3.4 遗传距离分析..........................................68 
4.3.5 同种海链藻的地理遗传多样性分析........................68 
4.3.6 基于 SSU nrDNA 序列构建海链藻系统发育树................68 
4.4 八种海链藻 LSU nrDNA 片段的扩增及序列分析...................72 
4.4.1 LSU nrDNA 目的基因片段 PCR 扩增 ........................72 
4.4.2 LSU nrDNA 序列碱基组成和替换特征 ......................73 
4.4.3 八种海链藻种间和种内 LSU nrDNA 基因序列差异 ...........75 
4.4.4 遗传距离分析..........................................77 
4.4.5 同种海链藻的遗传多样性分析............................77 
4.4.6 基于 LSU nrDNA 序列构建海链藻系统发育树................77 
4.5 讨论与小结 .................................................82 
4.5.1 海链藻两个序列片段特征比较............................82 
4.5.2 八种海链藻在 nrDNA 水平上的差异........................82 
4.5.3 海链藻地理遗传多样性分析..............................84 
4.5.4 八种海链藻物种之间的系统发育关系......................84 
第五章 两种角毛藻的形态、遗传差异及系统进化分析 .......................................85 
5.1 实验所用的藻株 .............................................85 
5.2 实验所用藻种的形态学描述 ...................................85 
5.3 两种角毛藻 SSU nrDNA 片段的扩增及序列分析...................86 














 - 4 -
5.3.2 SSU nrDNA 序列碱基组成 ................................86 
5.3.3 两种角毛藻种内和种间 SSU nrDNA 基因序列差异 ...........86 
5.3.4 遗传距离分析..........................................90 
5.3.5 旋链角毛藻的地理遗传多样性分析........................91 
5.3.6 基于 SSU nrDNA 序列构建角毛藻系统发育树................91 
5.4 两种角毛藻 LSU nrDNA 片段的扩增及序列分析...................93 
5.4.1 LSU nrDNA 目的基因片段 PCR 扩增 ........................93 
5.4.2 LSU nrDNA 序列碱基组成 ................................93 
5.4.3 两种角毛藻种内和种间 LSU nrDNA 基因序列差异 ...........95 
5.4.4 遗传距离分析..........................................97 
5.4.5 旋链角毛藻地理遗传多样性分析..........................97 
5.4.6 基于 LSU nrDNA 序列构建角毛藻系统发育树................97 
5.5 讨论与小结 ................................................100 
5.5.1 角毛藻两个序列片段特征比较...........................100 
5.5.2 两种角毛藻在 nrDNA 水平上的差异.......................100 
5.5.3 旋链角毛藻地理遗传多样性分析.........................101 
5.5.4 两种角毛藻物种之间的系统发育关系.....................101 
第六章  总结与展望 ...............................................................................................102 
     6.1总结……………………………………………………………………  102 
     6.2 本研究的特色和创新………………………………………………… 104 
     6.3 有待进一步研究的问题………………………………………………...104 
参考文献 ...................................................................................................................106 
攻读博士期间发表的论文和参加的课题 ............................................................... 115 


















 - 5 -
                                Content 
Abstract in Chinese.......................................................................................................i 
Abstract in English .....................................................................................................iii 
1 Introduction...............................................................................................................1 
1.1 Significance of nanoplanktonic diatom and its research status in China 
........................................................................................................................................1 
1.2 Research progress on taxonomy of some typical nanoplanktonic diatom 
species.....................................................................................................................2 
1.2.1 Taxonomy of Skeletonema ......................................................................2 
1.2.2 Taxonomy of Thalassiosira ..................................................................10 
1.2.3 Taxonomy of Chaetoceros .................................................................... 11 
1.3 The research in the red tide caused by nanoplanktonic diatoms in recent 
years .....................................................................................................................12 
1.4 The DNA sequence used in this study .........................................................13 
1.4.1 Introduction about the nrDNA sequence...............................................13 
1.4.2 Advantage of nrDNA sequence in molecular identification and 
phylogentic analysis.......................................................................................14 
1.4.3 Application of nrDNA sequence in marine phytoplankton identification
........................................................................................................................14 
1.4.4 Related concepts of phylogenesis .........................................................16 
2 Material and methods......................................................................................18 
2.1 Sample collection and microalgal isolation and purification...............................
......................................................................................................................................19 
2.1.1 Sample collection........................................................................................19 
2.1.1 Sampling collection ..............................................................................19 
2.1.2 Microalgal isolation , purification and culture......................................19 
2.2 Main reagent and instruments.....................................................................20 
2.2.1 Main reagent .........................................................................................20 














 - 6 -
2.2.3 Main instruments ..................................................................................21 
2.3 Methods..........................................................................................................22 
2.3.1 Culturing ...............................................................................................22 
2.3.2 Morphological identification ................................................................22 
2.3.3 Genomic DNA extraction .....................................................................22 
2.3.4 Concentration and rate of purity of DNA .............................................23 
2.3.5 LSU nrDNA amplication ......................................................................23 
2.3.6 SSU nrDNA amplication.......................................................................24 
2.3.7 Competent cell preparation ...................................................................25 
2.3.8 Linking..................................................................................................25 
2.3.9 Transformation and culture ...................................................................26 
2.3.10 Plasmid DNA extraction .....................................................................26 
2.3.11 Sequencing , data processing and phylogenetic analysis ....................26 
3 Morphology, genetic diversity and phylogenetic analysis of four species of 
Skeletonema ................................................................................................................28 
3.1 Microalgal strains used in this study...........................................................28 
3.2 Morphological features of Skeletonema species .........................................28 
3.3 SSU nrDNA amplication and analysis of Skeletonema ..............................33 
3.3.1 SSU nrDNA amplication.......................................................................33 
3.3.2 SSU nrDNA base composition and substitution ...................................34 
3.3.3 SSU nrDNA genetic diversity...............................................................36 
3.3.4 SSU nrDNA genetic distance................................................................36 
3.3.5 The geographical genetic diversity of Skeletonema..............................38 
3.3.6 Phylogenetic tree based on the SSU nrDNA ........................................41 
3.4 LSU nrDNA amplication and analysis of Skeletonema..............................44 
3.4.1 LSU nrDNA amplication ......................................................................44 
3.4.2 LSU nrDNA base composition and substitution...................................44 
3.4.3 LSU nrDNA genetic diversity...............................................................45 
3.4.4 LSU nrDNA genetic distance................................................................48 















 - 7 -
3.4.6 Phylogenetic tree based on the LSU nrDNA ........................................48 
3.5 Summary and discussion ..............................................................................51 
3.5.1 Comparison of SSU nrDNA and LSU nrDNA sequences ....................54 
3.5.2 Genetic difference of 4 Skeletonema species in nrDNA.......................54 
3.5.3 The geographical genetic diversity of Skeletonema..............................55 
3.5.4 Phylogenetic relationship of 4 Skeletonema species.............................56 
4 Morphology, genetic diversity and phylogenetic analysis of eight  species of 
Thalassiosira ...............................................................................................................58 
4.1 Microalgal strains used in this study...........................................................58 
4.2 Morphological features of Thalassiosira species ........................................59 
4.3 SSU nrDNA amplication and analysis of Thalassiosira .............................64 
4.3.1 SSU nrDNA amplication.......................................................................64 
4.3.2 SSU nrDNA base composition and substitution ...................................64 
4.3.3 SSU nrDNA genetic diversity...............................................................65 
4.3.4 SSU nrDNA genetic distance................................................................68 
4.3.5 The geographical genetic diversity of Thalassiosira ............................68 
4.3.6 Phylogenetic tree based on the SSU nrDNA ........................................68 
4.4 LSU nrDNA amplication and analysis of Thalassiosira ............................72 
4.4.1 LSU nrDNA amplication ......................................................................72 
4.4.2 LSU nrDNA base composition and substitution...................................73 
4.4.3 LSU nrDNA genetic diversity...............................................................75 
4.4.4 LSU nrDNA genetic distance................................................................77 
4.4.5 The geographical genetic diversity of Thalassiosira ............................77 
4.4.6 Phylogenetic tree based on the LSU nrDNA ........................................77 
4.5 Summary and discussion ..............................................................................82 
4.5.1 Comparison of SSU nrDNA and LSU nrDNA sequences ....................82 
4.5.2 Genetic difference of 4 Thalassiosira species in nrDNA .....................82 
4.5.3 The geographical genetic diversity of Thalassiosira ............................84 














 - 8 -
5 The genetic diversity study and phylogenetic analysis of two species 
of Chaetoceros 
......................................................................................................................................85 
5.1 Microalgal strains used in this study...........................................................85 
5.2 Morphological features of Chaetoceros species ..........................................85 
5.3 SSU nrDNA amplication and analysis of Chaetoceros...............................86 
5.3.1 SSU nrDNA amplication.......................................................................86 
5.3.2 SSU nrDNA base composition and substitution ...................................86 
5.3.3 SSU nrDNA genetic diversity...............................................................86 
5.3.4 SSU nrDNA genetic distance................................................................90 
5.3.5 The geographical genetic diversity of Chaetoceros..............................91 
5.3.6 Phylogenetic tree based on the SSU nrDNA ........................................91 
5.4 LSU nrDNA amplication and analysis of Chaetoceros ..............................93 
5.4.1 LSU nrDNA amplication ......................................................................93 
5.4.2 LSU nrDNA base composition .............................................................93 
5.4.3 LSU nrDNA genetic diversity...............................................................95 
5.4.4 LSU nrDNA genetic distance................................................................97 
5.4.5 The geographical genetic diversity of Chaetoceros..............................97 
5.4.6 Phylogenetic tree based on the LSU nrDNA ........................................97 
5.5 Summary and discussion ............................................................................100 
5.5.1 Comparison of SSU nrDNA and LSU nrDNA sequences ..................100 
5.5.2 Genetic difference of 4 Chaetoceros strains in nrDNA ......................100 
5.5.3 The geographical genetic diversity of Chaetoceros............................101 
5.5.4 Phylogenetic relationship of 4 Chaetoceros strains............................101 
6 Conclusion and prospect ......................................................................................102 
    6.1 Conclusion…………………………………………………………………102 
    6.2 Research originality …………………………………………………….…104 
















 - 9 -















































的 21 株骨条藻。根据其形态学特征，鉴定为 4 个种：玛氏骨条藻 Skeletonema 
marinoi Sarno et Zingone，多恩骨条藻 Skeletonema dohrnii Sarno et Kooistra，敏盐




性≥99.62%，而其它种类间的序列相似性在 98.37%~98.93%之间。这两个种 LSU 



















氏海链藻 Thalassiosira weissflogii (Grun.)Fryxell & Hasle、园海链藻 Thalassiosira  rotula 
Meunier、细弱海链藻 Thalassiosira subtilis (Ostenfele) Gran、双环海链藻 Thalassiosira 
diporocyclus Hasle、假微型海链藻 Thalassiosira pseudonana Hasle et Heimdal、萎软海链
藻 Thalassiosira  mala Takano 和艾伦海链藻 Thalassiosira allenii Takano。 nrDNA 序列
和系统进化树分析结果表明，支持细弱海链藻、假微型海链藻、极小海链藻、艾
伦海链藻、威氏海链藻、萎软海链藻和双环海链藻为单系起源。威氏海链藻是 8
种海链藻中 早分歧的谱系，这说明威氏海链藻与其它 7 种海链藻遗传距离较
大、亲缘关系较远。细弱海链藻和假微型海链藻的亲缘关系比较近。两个序列分
析结果都显示双环海链藻与其它 7 种海链藻之间的差异 大，种间存在差异 大
的两个种是威氏海链藻和双环海链藻（SSU nrDNA，6.57%；LSU nrDNA，
12.82%）。差异 小的两个种是圆海链和细弱海链藻（SSU nrDNA，1.52%；LSU 
nrDNA，1.71%）。两个序列结果都表明细弱海链藻与假微型海链藻序列差异不大
（2.00%~2.60%）。SSU nrDNA 基因序列分析中，海链藻种内序列差异从 0.13%
到 2.53%，LSU nrDNA 基因序列分析的海链藻种内序列差异与 SSU nrDNA 基因
序列分析中的结果相一致。 
3、两种角毛藻的遗传差异及系统进化分析 
对分离自香港、海口、黄海和厦门的 4 株角毛藻（形态学鉴定为 2 个种，旋
链角毛藻 Chaetoceros curvisetius Cleve 和短孢角毛藻 Chaetoceros brevis Schütt）
进行遗传差异和系统进化分析。结果表明，SSU nrDNA 基因序列分析中，旋链
角毛藻与短孢角毛藻间的种间差异性为 6.64%到 10.77%，而旋链角毛藻种内的
差异为 0.18%到 0.59%。角毛藻的 SSU nrDNA 基因组内存在多态性，旋链角毛
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